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Abstract
We have examined the solidification structure of the aluminium-iron-titanium system over a wide range of iron content. With x-
ray powder diffraction and quantitative microstructure analysis we have characterized alloys microstructure and identified second
phase crystallographic structure. The hardness of the alloys was also determined. The solidification structure was modified by the
addition of titanium in the Al1-xFexTi1.17 alloy in the range of 0 to 1.17 % Ti.
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1. Introduction
Fe-Al alloys are of interest in this respect and therefore their mechanical properties and oxidation behaviour have
been studied in some details [1,2].
Since the assessment of the Fe-Al system by Kattner [3], numerous new results have been obtained within this
system. Many of them concern details of the B2 and D03 orderings and the variation of the vacancy concentration as
function of temperature and composition in the Fe-rich part of the system phase equilibrium. The Al-Ti system is of
considerable interest as Al-Ti-based alloys have been considered in connection with a variety of applications.
Besides for medical applications [1,2] and in connection with grain refinement of Al-base materials [3]. No
distinction between TiAl3 (h) and TiAl3 (l) is made, as the details of the stability ranges of the two polymorphs have
not been yet sufficiently established [4].
Al-Fe-Ti-based alloys are considered to have a considerable potential for the development of intermetallic based
materials for high-temperature applications [1-2].
The main purpose of this study is to determine the solidification structure, and phase transformation after melting
and casting alloys with different compositions representing the range of iron contents in standard aluminium alloys.
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2. Experimental
Cold compaction of mixed powder (Al-Fe), (Al-Ti) and (Al-Fe-Ti) has been achieved to obtain a dense product
(60%), intended for high fusion frequency (HF) with a nominal power reaching 6Kw and frequency of 300 KHz.
The sample thus densified is then placed in a cylindrical alumina crucible (height: 3cm, diameter: 16mm), which is
introduced into a quartz tube and placed in the coil. After a pumping in primary vacuum, we begin heating until
complete fusion of the alloy.
The inductor, supplied with an AC current created by the source of power and the box of adaptation, produces a
variable magnetic field. The part to be heated, obligatorily conducting, is the seat of eddy currents when this one is
placed inside the magnetic field. The part warms up then by Joule effect (Figure1).
Fig.1. Magnetic field and induced current in the specimen.
The alloys have then been annealed 1h at 500°C. Light microscopy has been used for surface observation. X-ray
diffraction analysis has been performed using Philips X-ray diffractometer working with copper anticathode
(=0.154nm) and covering 110° in 2.
3. Results
Structural investigations using light microscopy and XRD reveal that the alloys undergo a structural phase
change from disordered bcc to (ordered) bcc .They are all highly-ordered compounds with the B2 (CsCl) phase
extending over broad compositional ranges.
Fig.2. X-ray diffraction pattern from Al-5.09%atFe alloy showing Al3Fe peaks.
The long range order parameter (LRO) variation with iron content has been determined experimentally from x-
ray diffraction thanks to Warren’s method [5] .For 50at% iron the degree of order is around 0.34 and jump to 0.48
for 60at% iron. We have also examined the solidification structure in the aluminium-Iron system over a wide range
of iron content. The experimental work consisted of melting and casting alloys with different compositions
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representing the range of iron contents in standard aluminium alloys, as well as alloys with higher iron contents.
Equilibrium Al3Fe phase with monoclinic structure appears in () aluminium matrix at the as-solidified state (Figure
2).
The effect of titanium content on the microstructure was followed by means of x-ray diffraction and light
microscopy which able to measure the linear intercept grain size, as well as the size distribution and volume
fractions of theprecipitates. In alloys containing more titanium the average value of the dendrite arm spacing (DAS)
was found to decrease.
In binary Al-Fe alloys, we note an anomalous evolution (increase) of Al lattice parameter between pure
aluminium and 20at.%Fe.For iron compositions between 20 and 30at.% one can note a drop of lattice parameter. A
possible explanation of this behavior may be researched in the vacancy concentration in Al-Fe alloys. It is well
known that in these alloys the vacancy concentration decrease with iron content .Between 0% and 20 at.%Fe the
vacancy concentration is relatively high enough to provoke an increase of lattice parameter (Figure 3).
The lattice parameter variation with aluminium content in AlFeTi has also been determined experimentally
(Figure 4).
Fig. 3. Lattice parameter evolutions with iron content in binary Al-Fe alloys.
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Fig. 4. (Al) lattice parameter variation with aluminium content for AlFeTi as-elaborated and heat treated.
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A prominent feature of the Al–Fe–Ti system is the large solid solubility of Al in the binary Fe–Ti phases. In the
C14-type Laves phase Fe2Ti more than two-thirds of Fe can be substituted by Al [6]. Al substitutes for Fe on both of
the two different crystallographic Fe positions alike and no transformation to another Laves phase polytype has been
reported. The substitution of Fe by Al leads to an increase in the lattice parameters (Figure4), and their dependence
on composition has been determined [6,7].
The solid solubility for Fe in all Al–Ti phases is very limited. The maximum content of Fe in Ti is about 1 at.%
at an Al content of 44 at.% [8]. For more Ti-rich compositions the solid solubility for Fe in Ti is even more
restricted. For Ti3Al, TiAl, TiAl2 and TiAl3 the solid solubility for Fe ranges between 1.2 and 2.5 at.% [6] and [9]
and varies little with temperature [6] .
By alloying Fe-rich Fe–Al alloys with Ti the transition temperatures for the D03/B2 and B2/A2 transitions
increase markedly [10-12]. The D03-type ordering is maintained because Ti substitutes in Fe3Al for Fe on ½ ½ ½,
the 4(b) Wyckoff site of the lattice [13,14].Banerjee et al. [10] studied in detail the dependence of the transition
temperatures on composition. They found that the D03-structure is stable between binary Fe–25 at.%Al and Fe–25
at.%Al–25 at.%Ti and that the D03/B2 transition temperature simultaneously increases from 547 °C in the binary to
1212 °C in the ternary system. No clear distinction has been made up to now when this phase is denoted as D03
(binary) or L21 (ternary, Heusler-type). The lattice parameter of D03 increases by the substitution of Fe by Ti and its
dependence on composition has been determined in Refs. [15,16]. An increase of the lattice parameter was also
observed with increasing Ti content along FeAl (1 − x)Tix [17].
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Fig. 5. X-ray diffraction patterns from Al-8.85at%Fe-1.17%atTi alloy.
With the mean of x-ray powder diffraction (Figure 5) and quantitative microstructure analysis we have
characterized alloys structure and identified second phase crystallographic structure. A needle like shaped secondary
phase has been identified as six crystallographic variants of Al2Ti compound, within aluminium dendritic matrix
(Figure 6). This phase is not metastable since it does not disappear after subsequent heat treatment at 500°C. The
hardness of the alloys increases regularly with aluminium addition until the equiatomic composition and drops in the
aluminium rich side (Figure 7). The solidification structure was modified by the addition of titanium in the Al1-
xFexTi1.17 alloy in the range of 0 to 1.17 % Ti. The secondary dendrite arm spacing (DAS) has also been
measured.We examine the influence of titanium on the order reaction in the alloy in comparison with binary Al-Fe.
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Fig. 6. Six variants of Al2Ti (needle like shape) phase within Al matrix.
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Fig. 7. Microhardness variation versus iron addition in AlFeTi alloys.
4. Conclusion
Al3Fe phase with monoclinic structure appears in () aluminium matrix at the as-solidified state in Al-6%atFe
alloy. The addition of titanium leads to needle like shaped secondary phase with six crystallographic variants
identified as Al2Ti compound, within aluminium dendritic matrix.The lattice parameter of aluminium solid solution
increases with iron addition in the as solidified state as well as after subsequent annealing. The solidification
structure was modified by the addition of titanium in the Al1-xFexTi1.17 alloy in the range of 0 to 1.17 % Ti.
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